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Mineralogy and Geochemistry of Ultramafic Rocks from the Singok Area,
Western Part of Chungnam
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In the Singok area, western part of Chungcheongnam-Do, two ultramafic masses, Singok mass and Kaewol mass, occur
as isolated lenticular bodies in the Precambrian Kyeonggi gneiss complex. The masses extend for several hundred meter to
NNE direction, parallel to the main fault line of this area. The rocks are dunite and harzburgite, but partially and absolutely
serpentinized. They dominantly show porphyroclastic and recrystallized textures with equigranular-mosaic and protogranu-
lar textures. In spite of differences among the alteration and metamorphism, the ultramafic masses are characterized by
varying amounts of high fosteritic olivine (Foggsq3). magnesian pyroxene (Enggs gey) and tremolitic to tschermakitic horn-
blende with minor spinel, serpentine, chlorite, calcite, magnetite, phlogopite and tale. Tt is compared with adjacent gneiss
complex containing amphibole, biotite, plagioclase, alkali-feldspar and quartz. Geochemically, these rocks show high mag-
nesium number (Mg>90.38), and transitional element (Ni=595-2480, Cr=1010-4400, Co=36-120 ppm), low alkali
element (Na;0<0.3, Ky0<0.11, AlLO3<2.95 wi%) and depleted incompatible ¢lement contents, which is compared with
adjacent tocks (Mg < 83.69, Na;0=1.02-342 wi%, K,0=0.67-5.65 wi%, Al;0;=9.15-16.86 wi%, Ni < 435 ppm, Cr < 1440
ppm, Co<59 ppm, enriched incompatible element contents). Overall characteristics of ultramafic rocks from the Singok and
Kaewol masses are similar to the those of adjacent ultramafic bodies in Chungnam with worldwide orogenic related Alpine
type ultramafic rocks. Calculated geothermometrics suggest that the ulramafic rocks have experienced metamorphism in the
condition ranging from the greenschist facies to granulite facies.

Key words : Singok arca, alpine type ultramafic rocks, serpentinization, porphyroclastic texture, metamorphism
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Flg. 1. Geological map of the Singok area and localities of the ultramafic rock masses (UM). HS for Hongseong, KC for

Kwangcheon, SI for Singok and KW for Kacwol.
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Fig. 2. Photomicrographs of uliramafic rocks from the Singok area, western part of Chungnam. A) PD type showing a
porphyroclastic texture, B)PSP type showing a recrystallized texture, C)PD type showing a orthopyroxene rotated, D)SP
type showing a serpentinized texture, E) Metabasites showing a mosaic texture and F) Metasediments showing a foliation.

Abbreviations; OL-olivine, OP-orthopyroxene, AM-amphibole, SP-spinel, SE-serpentine, MT-magnetite and PL- plagiociase.
The other abbreviations are in the text. Width of a scale bar is 0.5 mm.
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Flg. 3. Chondrite normalized incompatible element {1} and REE (II) patterns for the Singok ultramafic rock mass, western
part of Chungnam. A) for PD, B) for PSP and C) for SF. Chondrite values from Sun and McDonough (1989}, All

abbreviations are in the text.
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b WE midde §hat W E By siAu A A
Ao A4E AN 2 ZHEgAg =EA ¥Ieke
Alg 9 AY 2] zhdae] FHF AE8E Rb2-5,
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oA B} AlEe] HE e & e wgu) o) A
siatd] Aole FEe] AW} 247 PEE Qe
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Fig. 4. Chondrite normalized incompatible element (A)
and REE (B) patterns for the Kaewol ultramafic rock mass,
western part of Chungnam. Chondrite values from Sun and
McDonough (1989). All abbreviations are in the text.
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Table 2A. Major element analyses of the gneiss complex from the Singok area, western part of Chungnam (wt. %).

Type MSS MBS GN

Name MSKl MSK2 MSK3 MKWI MKW2 MKW3 MKW4 MKW5 MKWs MKW7 GSKI GSK2 GSK3
Si0; 4599 4502 5484 4782 4860 4600 4432 4741 4515 4396 6977 7253 73.08
Ti0, 172 1851 1033 0617 021 016 024 0158 0368 0954 0531 0297 026
AlO; 1477 1384 1599 154 915 1686 151 1463 1578 1299 1134 1284 1240
Fe,O," 1174 1179 R40 1066  7.52 531 731 606 817 1185 511 413 359
MnO 018 0217 0134 0164 013 010 0135 0106 0134 0159 0067 0072 0058
MgO 836 906 361 71 1945 1207 1342 1378 114 1343 266 029 005
CaO 1148 1216 615 1226 1183 1524 1413 1000 1368 1L77 203 096 14
Na,O 255 16 342 190 148 102 130 124 147 181 280 278  2.66
K;0 067 144 333 157 031 108 080 280 103 034 218 565 529
P05 020 028 033 005 001 0I5 006 002 001 007 067 006 003
LOI 198 146 098 128 210 244 205 233 204 136 236 074 044
Total  99.64 9871 9821 9883 100.79 10043 98.86 9853 9907 98.69 9891 10036 9892
Mg 5854 60.38 4601 5695 83.69 81.84 7845 8185 7300 6921 5080 1222 269

*Fe;05* is total iron. *Mg is equal to 100> MgOAMgO+Fe,04(1)) (molecular proportion). *MSS for Metasediment, MBS for
Metabasite and GN for Gneiss.
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Table 2B. Trace element analyses of the gneiss complex from the Singok area, western part of chungnam (in ppm).

Type MSS MBS GN

Name MSK! MSK2 MSK31 MKW1 MKW2 MKW3 MKW4 MKW5 MKW6 MKW7 GSKI  GSK2 GSK3
Rb 11 76 132 65 - 59 40 147 52 7 91 178 179
Ba 127 343 948 96 26 54 138 631 76 50 566 1190 969
Th 213 3.8 201 <0.1 0.07 005 <01 <0.1 0.2 0.2 17.8 24.2 18.8
Nb 13 32 I8 <l 0.8 - <l <l <l 2 23 58 63
Sr 338 352 593 216 44 319 324 163 344 105 274 150 69
Zr 108 258 347 38 6 2 18 13 23 40 231 612 561
Hf 2.6 6 32 0.9 0.5 0.2 0.3 <0.2 0.5 1.1 6.7 15.7 14.7
Y 20 34 32 22 23 6.5 9 5 13 20 47 96 79
La 0 47.1 45.6 1.5 1.92 0.39 0.6 0.5 1.1 2 61.6 194 181
Ce 100 89.7 94,7 31 5.6 0.7 1.4 0.9 2.3 53 120 354 268
Pr 48 9.65 991 016 095 014  0.22 0.15 0.41 0.89 13 35.6 31.9
Nd 205 38.8 39.4 36 532 0.89 13 0.8 23 4.8 48.4 131 110
Sm 4,23 7.6 7.5 1.4 1.88 04 0.5 0.3 0.9 1.7 9 21.5 18.2
Eu 1.374 2.84 2.06 0.68 1.036 0318 037 0.31 0.5 0.7 1.08 263 2.81
Gd 4.11 7.5 6.8 2.3 242 0.64 09 0.5 1.4 2.6 8.7 19.6 18.2
Th 0.65 1.1 1 05 0.55 0.15 02 0.1 0.3 0.5 1.3 2.9 2.7
Dy 3.69 6.3 5.3 32 36 1.04 1.4 0.7 2 33 7.8 17.1 15
He 072 i.3 1.1 0.8 0.81 0.22 0.3 0.2 0.5 0.8 1.7 3.6 31
Er 2.05 33 31 2.4 2.51 07 1 0.5 1.5 2.3 4.8 10.6 8.3
Tm 0.282 0.43 0.44 034 0365 0.105 0.14 0.08 0.22 0.32 0.69 1.58 1.15
Yb 1.7 29 2.9 23 2.21 0.65 09 0.5 1.4 2.1 42 10.2 74
Lu 0.253 041 0.41 036, 0347 0106 0.15 0.08 0.23 032 0.56 1.45 1.08
Cr 243 332 67 426 1440 2440 1360 1400 712 621 143 35 <20
Ni 61 202 <20 78 435 323 199 338 2438 310 52 38 <20
Co 25 61 24 34 59 39 43 40 52 59 16 <1 <]
A% 213 219 175 288 141 166 203 127 210 204 76 6 <5
Sc 31 27 19 43 79 14 48 13 43 46 12 5 5
Cu 36 34 126 35 27 - 18 15 80 <10 <10 <10 <10
Zn - 63 94 <30 48 - 31 <30 52 58 54 <30 74
Ga 1i 20 23 12 3 12 11 8 13 12 17 20 27
As - <5 <5 <3 - - <5 9 <5 <5 <5 <5 <5
Ta 2.8 19 1.3 <{.1 - - <01 <0.1 <0.1 <0.1 1.3 4 17
Pb - 11 22 <3 - - 10 <5 7 20 10 <5 16
U 0.61 1 3 <0.1 - - 02 <01 0.2 0.1 1.6 2.1 1.7
Mo - <2 <2 <2 - - <2 <2 <2 <2 <2 <2 <2
TI - .4 08 0.2 0.12 (.36 0.2 03 0.4 <().1 0.7 <0.1 0.7
Bl - <04 1 <0.4 0.17 0.11 <(0.4 <04 <0.4 <0.4 <0.4 <().4 <(0.4
5B 0.3 1.2 14 <0.5 0.2 0.3 4.6 1.5 3 0.7 1.1 <15 09
Cs 0.8 1.5 2.4 4.8 0.1 1.4 2.5 2.8 0.9 <0.5 1.8 2.6 12
Be 2 2 <l <1 - - <1 <l <] <1 3 2 2

*MSS for metasediment, MBS for metabasite and GN for gneiss.

5.2 FHet
F @i+ 9 Hol 2l
I 2L GINEFS 249437} Table 29 Qirt. &
wHos WAl HAGE o CS?WME‘:& =974
ol Hlgl Fe SUNa0=102-342, K,0=02-

*— means below detection limit.

2.8, Ca0=6.15-1524wt%) ¥ 7Z1ebda TGO,
=43.96-48.60, Ti0,=0.16-1.85 wt%) & HAY #&
nhu]£9)(46.01-82.69)F RAvh. HeldHe d7A
ol AY ZL §0,(69.77-73.08 wt%)t K,0(2.18
5,65 wtEAS BEw W EHEgRE g 98y
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(Light Rare Earth Element) £40] F=aigul

WA BHGR £ 9iaYe 29714 e =
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Fig. 5. Chondrite normalized incompatible element (A)
and REE (B) patterns for the gneiss complex from the
Singok area, western part of Chungnam. Chondrite values
from Sun and McDonough (1989). MSS for metasediment,
MBS for metabasite and GN for gneiss.
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Ao Z4=te] AAE s E u(Table 1) AAH
o7 wge] Aol 2% 9hd Fefalelrt FEA
FYsA = gt ST A 22 vlag)
& Holz 4% AEEE 794 ZFME o|laa
=2 H12 2yl & oldl4leA NKWA A 8=
Aol 89.74, ZEA A 88.14-8842 & HH
OKW 9 A5 Aglia] 6143, 7Hekadola] 90.43-
9047 #rE B3k

ARLEIN o] FHEL. HujEl WEd, AYd £ A
A48 9 ¥R EY, olF HEES HEA
o] E(En(.93-097)¢8] A&dH<l FExzAE Y
(Table 3B) FgLolr AEZe &3 A44dd 2
F Alol 2 AR ZEella] BB wre Rzl
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Z NSK72| A% A%" APLEAe w8 ALO;
(197-2.94 wt%), Na,0(0.016-0.055wt%), & S0,
(55.7-55.9 wt%), MgO(34.7-35.1 wt%)=4& Belt
A4 o5 PYAHE FEES B ALDL0.597-1.086
wit%), NayO(<0.004 wt%), =& Si0(56.6-57.8 wi%),
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Table 3C. Continued.
b)
OSKI1B1 OSK1B2 OSKI1B3 NSKI0AI NSKI0OA2 NSKI0A3 NKW4BI1 NKW4B2
8i0, 0.049 0.024 0.030 0.017 0.935 0.019 0.036
TiO, 0.077 0.113 0.087 . 0.015 0.017 0.754 0.804
AlLO; 26.888 27.977 23.217 26.469 27.338 20.529 10.518 9.982
Cry0, 38.905 98.136 43,177 44.694 40.039 43,864 41.398 39976
FeO 20.501 20.372 21.625 18.886 18.424 22.920 41.297 43.002
MnO - - - - - 0.000 0.000
MgO 11.681 11.809 10.079 12.477 12.598 10.247 4,042 3.739
Ca0 0.006 - 0.020 - 0.106 0.020 0.000
KO - 0.019 0.018 0.002 0.043 0.000 0.016
Na,O 0.008 0.036 0.015 0.027 0.185 0.000 0.008
NiQ 0.074 - 0.129 0.025 0.155 0.193
Total 93.1800  98.4860  98.2680  98.8260 98.5890  98.8690  98.185 97.756
N(32)

Si 0.0120 0.0059 0.0076 0.0513 0.0041 0.2357 0.0052 0.0099
Ti 0.0143 0.0208 0.0165 - 0.0027 0.0032 0.1546 0.1657
Al 7.8039 8.0575 6.9132 7.6160 7.8542 6.0980 3.3768 3.32237
Cr 7.6390 74274 8.6787 7.9066 7.7657 8.8421 9.3770 9.1642
Fe(2) 3.6926 3.6587 4.1781 3.4433 3.3601 41122 6.3243 6.4172
Fe(3) 0.5293 0.5043 0.3909 04127 0.3956 0.7189 3.0791 3.4364
Mn - - - - - - 0.0000 0.0000
Mg 4.2887 4,3023 3.79650 45414 4.5786 3.8508 1.6416 1.5275
Ca 0.0016 - 0.0054 - - 0.0286 0.0058 0.0000
K - 0.006 0.0058 0.0041 0.0006 0.0140 0.0000 0.0059
Na 0.0039 0.0172 0.0074 0.0167 0.0128 0.0914 0.0000 0.0045
Ni 0.0148 - 0.0083 0.0256 0.0051 0.0357 0.0450

Mg((35.2-35.7 wi%) 92 20t A4A e 2l (Fig. 6).

oAy FARE We G0, Mn0, £ ALO,,
Ca0, TiO,, Ni0 &4 & rlau[EH]E BAch

HEM o] BE2 WAy w2} 24 2|2 Bel
v} ubEe] AlRelale] St uE) AR B
B2 zhod Z4doz Wl Cr 9 Fet® dhgo)
Z7el Mg sHke] #asE Heg Holtk(Table
3C). & magnesio chromiteol*] chromite ZAIS H
¢ioh

HAFHez 2o FAHFE 046~060 Cr
(=Cr/(Cr+AD)St 0.48-0.60 Mg(=Mg/Mg+Fe(2)) )
5 7 E3AE g FHA R 0.70-0.75 Cref
0.20-0.38 MgE Z+=rHTable 3). ©1¥ FEHQ o]
A= B AR 2Ydge] AA e HA
A zZARE dAdez 71E9 vl A AY AF
A|(Song ef al., 1997)2] Aol sgaby HAAZE]
dselge] zrigddon REE AMUZe] HP
(Dick and Bullen, 1984; Agata, 1988nfel sizrgivt

7)) HAMTE d4EL mokel wAzde] 1Y
goll met Yo s Mgk Al o]20] 29T f5
ol A Fe 3 Crol AFHEA #AAES o 57}
=5, Crits Fert S71Ed2 A FH e ok
(Golding and Bayliss, 1968; Beeson and Jackson,
1969).

6.2 WA BE

A o) BEE WY AW 24, AR, A7
Aol oo 4k Qe = W] )3 A AR
2 AEEG 2484 Caztidelth 47 3 el =
gmelols 2aleld ApllelER 244 2SR
o)z PhAe} Hefe EfEdelEdM dElwdlols x
A& Hlt{Table 3C, Fig. 7).

ol e ZARe Th AR 2N Hols
olfiz WA BEY UG BB FuE 542

Higehe Zies AzkEh
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Fig. 6. Plot lot of spinel compositions of the ultramafic
rocks from the Singok area, western part of Chungnam.
Data from Dick and Bullen (1984), Lipin (1984) and Agata
(1988). Open circles for the Singok ultramafic rock mass
and filled squares for the Kaewol ultramafic rock mass.
Shadow area for Bibong and Kwangsi ultramafic rocks
(Song et al., 1997).

5 AselA PD B PSP &9 el =k 7t
AMER dIFE AlEsield e weov AEE 2
AZY FESS Ao AREdste] 9% A eslth
aA|gk SP fr¥e s des Ao XE A4Sl AR
st AR AR 2Tl BRPh 71E 9 v
Bogalsgate]l AFeM (Song et al, 1997) 71A0E 2zt
449 BRAR el RlNe FAlg e
g olxe] ZHEA S WM e £ Zlom AzbErh

MY ;o] SFEL FFA Pl FHe) WEER YT
of ARE2 494 4 YRS 7HEE BESIR
glo] AxR W E(mesh texture), olg-of FEs
#3 (hourglass texture), 2] 32| (ribbon texture}g:
Ho|Aup Auiges HEH7E FrhFig 2). I
o2 o] B PSPHY o= xR =
U olsol e o] SAE SPACAME BB =
o] FAsHA Elthe] AREAe] ohrxRE BEke
Azpe)z FE(Whittaker and Wicks, 1970)°] 713t
Lt 2 ApoMe ol Alele] HE8g Ael7t vEht
# STk

=2y ;o] BE2 AvFselr AFENst o) F
s 84, vkadlegdes) dgsle] dEsEAu

e} A e HAddEs 4&5En penninite
Aol |t Hey, 1954). AWM F FHa] =y
& AMESElel 8ol wE Mo ZEHMoz
Bl A WAL Mg, AL} ARl o8 AAEe
™ o]Z8A A7l wEjde] AFHY F4o] AAHE <
g Heole HoR Az

7. E Q|

7.1. 2|& guQIgo| xefy[Mofatol H|R

B A 291G ok] AR, e,
B8 54, AaeE Y8 dF H48 71E9
F A4 F7 Table 40 Helebdoh 7etst
A gs glREeY] 297)MAIEE 1 Ao $A%
SEot JEA AEEY R Ee 93E] AREg
g = 843)E o gl

AR 2E7144 Sl P} AL 2T 8
2=k oubAg] e 2A0e A, APEEA, 2R,
FRMoIH WAL Kol oz} AHEY, AAA,
SEAHEY FE FEAT Aelg HHo) durEg
BE AWM B d7RY gAlEe] FAE3
I AAR = o) 93 EFEL Ho|7|=E AR
FTHA-EA|E 2@ QA9 23S pAEA 2Ll

=g}k Znella tiige] NELS A g9
2] 94 B, We e BEFS g4 g% W)
& Holdd 9 9 vlondlgy], 223 APE H
IAANA T3, HREES] v3| LREE7} ¥al=«
EAS Bt 3 FE AN <& 29714
PEL L ¥2HEe|E g Ni 249 7Y, 58
nldlEEHEY AP NS EEE

18 Variscan ZhF0eh 33 dEEE 2
7144 dAEe] FAFKalt o al, 1995; Schmadicke
and Evans, 1997)52 °|& A9 2g714¢A71 H
uigk E3AWe R Aol = km o) A
A eh2A AEEA S-S AYstal gl 28
o]~ Bz ZY7|Al ¢A(Economou-Eliopoulos
and Vacondios, 1993) & 7ttt Newfoundland *| <
North Arm Mountain $#¢] AH(Suen e al., 1979;
Varfalvy ef al,, 1996052 o] ¥AH5o] B34 4
Wate] alzhEzA, fdad, 82, AdA £HF
2 Ho|x &g AFST len AH9le Cerro
del Almirez €7 (Trommsdorff e al, 1998)%= °|&
RASo] o B AREets 2 B4z EHE R
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FHE - F5Y

(Ca+Na)p> 1.34 and Na g<0.67

1 -———I—#—.rl‘ u‘.%O
Tremolite A)
o,
Magnesio-
| Actinolite Q Q homblende Tschermakite
O
. I
B
Z0
-1
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04 r
Ferro-
| Ferro-actinolite Ferro- .
hornblende tschermakite
02
Q) E)
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Fig. 7. Compositions of the Ca-amphiboles for the ultramafic rocks from the Singok area, western part of Chungnam, A) for
Tremolitic hornblende, B) for Actinolitic hornblende, C) for Ferro-actinolitic hornblende, D) for Tschermakitic hormblende
and E) for Ferrotschermakitic hornblende. Symbols are the same as those in the Fig. 6,

ZE A td A7EMenzies, 1976; Varfalvy
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2 g wlyzas) pelsle] oolst e HA 4o
WZET S-S A 9

A Eet4 dTelA 2glel2 QOrthris (Menzies
1976) ¥ eXE EIO]-EJ Bohemian $+#|(Becker, 1996}
2 9 4 A gEEEFg o s Ca0=0.7-2.5,
Na,0<0.57, K20<0.13 Wi%ye BT 217, Varfalvy
ef al{1996)= North Arm Mountain &7} #&
Rb(6-15 pprm) 337 L WA Sr(9-77 ppm)E B
o|iL AUALE AFEE Utk =3 #] FrES =E7
A AAEo] F& vlalH(Mg0=34.9-40.3 wt%)
Hold A=A 2 Ni>1870ppm, Cr>1700 ppm,
Co>105ppm) L Ho|2 USE AFHIE sz
2tk

S ERF dAFZAHo i dF(Frey, 1969
Menzies, 1976; Pallister and Knight, 1981; Bodi-
nier, 1988; Dymek ef al, 1988; Becker, 199652
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Fig. 8. Plot of Ln Kp versus Y. Kp=(Xya/Xp)ol* (K
XrJsp and Y =Cr/(Cr+Al). Solid lines are isotherms calculated
from the equations of Fabries (1979). Symbols are the same
as those in the Fig. 6. Shadow area for Bibong and Kwangsi
ultramafic rocks (Song ez al.. 1997)
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